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(54) Title: PROCESS FOR PREPARING 1, 4-DISUBSTITUTED PIPERIDINE COMPOUNDS 
(57) Abstract: 

A process for producing 1 ,4-disubstituted piperidine compounds of formula (I), in which Y = -(CH,) in which n = 
ner « CnrLZ^T '^'^ ~ CH ^ ° T ; and R and Z mean -bstituents known 

suLtL^n^^h 7 ^ K Z mean :;^' CHi ' pr ° dUCed f ° r CXam P Ie ^ causin S the correspondingly 

" C ^:<i^o-n//.benzene[5,6]-c y clohe P ta-[l,2.b] Py ridine-l I-one compound with the corresponding 1- 
substituted 4-pipendine in a single process step by means of reductive dimerization in the presence of a finely 

t^^^T"^ °l IVth an ^° r and/ ° r VIth SUbfir ° U P ° f * e **™ dic ™* of elements or a^Iow- 
ox inn cf k S T 5 COrres P ondin S metaI compound, the finely dispersed metal or the low-valent 
PrelrnMv 4 ?s T^u P h m!t u by ™ ans of a reducin 8 *&nt and in the presence of an inert solvent, 
produced 
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Process for preparing I, 4-disubstituted piperidine compounds 

reagents and also creates environmental problem! Th^ST" P reqU ' reS ex P ensive 

disadvantages ironmentai problems. The other known processes also have similar 



in which 




(I) 



R ort^ctd lc° f ZtT hydr0gen - nU ° nne ' Chl ° nnC - br °" linc ' -a, g h,-chain 
branched (C, - C 5 ) - alkyl, wh.ch ,n a g.ven case is substituted with Huonnc. chlorine. 



R 1 



Z^Z ne ( 'c >th c\ ^ " a K- e,her ^ and/ ° r With ^ ^ight-chain or 
branched (C 2 - C 5 ) - alkenyl, which in a given case is substituted with fluorine chin 

or bromine, with a (C, - C 5 ) - alkyl ether group and/or phenyl- phenyl Sin I ' 

cases substituted with fluorine, chlorine, bromine, ( C f. C s ) - llkyl-CoSu ( r *?! 

alkyl ester, -NH 2 , a mono- (C, - C 5 ) - alkyl substituted aWe and/or a dTr ' " 2." 

"&fffir?^ 2 ^£2r! nn& ? contains a 

nitrogen atom and/or a sulfur atom aX ' 2' or 3 m w" ' f"™ "J T*™ * 

same ring form anSomS substituents bonded to the 

with fluorine, chlorine, bromine, (£ ^^^ m f ^^" 3ubrftutod 
a mono- (C, - C 5 ) - alkyl substituted am.SancE a dSr C,' 

means -(CH,) - in which n = 0 1 9 „r 1 ,1 1 " s) " aIkyl substltu t«i amine; 

or -S-CH 2 ; ' * 3; oxv 8 en - su ^i vinyl; CH 2 -0; -0-CH 2 ; -CH 2 -, 

SSV/rT ^ ^ hydr ° gen ' - C(0)R ' : - C( ° )OR -°) S (°) RJ = « one of 
independently of one another mean straight-chain or branched (C C \ ,itvi k k • 
• given case is substituted w.th fluorine.chlorine, o bTmtf w £ a" c' lv. 

ether group, and/or with phenyl; stra.ght-chain or branch™ (Q " A al'k'env whi/h " 
a given case ,s substituted with fluorine, chlorine, or bromine with a ( 7 "25 

s'S ;?! 2 ' 3 m ° n °- (Cl • Cj) " 3lkyl SUbst ' ; " ted ami aSr ' - C ')"- * ^ 

substituted amine, or straight-chain or branched (C-C) alkvl IhU ■ u . ,u 
such a hetero-aromatic ( 1 s) " y whlch ls substltu ted by 

R 2 



h . — — which 

which <s characterized by the fact that a compound of formula (II) 
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in which the substituents R and Y have the meaning ritoH u- u 

(HI) ne meanings cited above, which a compound of formula 




(III) 



in which Z has the meaning specified above, is brought to react in a single process sten hv m 
ofsuchacorrespondinV^ 

mmmmpm 

polycyclic aromatics and the solvent beiuJZTJJT n *P hthaIldone lon s °r of higher 

pynndine or tertiary amines, preferably triethyl amine. aromatics, preferably 

e^ TcTZnZ fj™^™^ »d urethane substituted pipend.ne derivatives 

Preferably zinc or alkali metals, preferably zinr iifhi., m <- ,r 

, p cicraoiy zinc, lithium, sodium, or potassium; metals of main 



group II or sub-group II of the periodic table, in particular magnesium or calcium; alloys 
containing zinc, lithium, sodium, potassium, magnesium, and/or calcium; zinc-copper alloys- 
inclusion compounds of zinc, lithium, sodium, potassium, magnesium, and/or calcium with ' 
carbon, in particular alkali metal hydrides or lithium aluminum hydride; salts of naphthalide 
anions, preferably lithium naphthalide or sodium naphthalide, are used as reducing agents.. 

Preferably inert ethers, preferably 1,4-dioxane, 1,2-dimethoxyethane, diethylene glycol dimethyl 
ether (diglyme), tert.-butyl methyl ether, as well as nitrogen-containing unsaturated hetero- 
aromatics, preferably pyridine or tertiary amides, preferably triethyl amine, are used as solvents. 

The ratio of the compound of formula III) (in mol- equivalents) to the coupling metal compound 
(in equivalents, oxidation state +III or +IV) preferably amounts to 3 : 1 to 1 - 100 preferably 1 • 
3, in performing the reaction. 

The ratio of the reducing agent (in reduction equivalents) to the coupling metal compound (in 
equivalents, oxidation stage +III or +IV) preferably amounts to 1: 2 to 100 : 1, preferably 2 • 1 in 
performing the reaction. " ' 

The reaction temperature amounts to 0° C to 200°C, preferably 10°C to 100 °C and in 
particular around 20 °C to 70°C. 

In the cited formulas of compounds (I) to (II), R means, preferably and independently of one 
another, hydrogen, fluorine, chlorine, bromine, methyl, or trifluoromethyl, particularly preferably 
R means, independently of one another, hydrogen, fluorine, or chlorine. The compound of 
formula (I) preferably has two substituents, which are different from hydrogen, one substituent R 
being on the pyridine nng and one substituent R being on the benzene ring, and the latter 
substituent preferably being fixed in 8-position. Preferably the compound of formula (I) has 
only one substituent R, which is found preferably in 8-position, and preferably means fluorine or 
chlorine. J 

The preferred meaning of Y is -CH 2 -CH 2 ; 

Preferably R 1 means (C, - C 5 ) - alkyl and, in particular, ethyl. 

methyl ^ <C ' " ^ " a ' ky1 ' be " Zyl ' Viny '' ° T dimeth y' (-N(CH 3 ) 2 ), in particular 

Preferably Z means -C(0)R'; -C(0)OR', preferably -C(0)OR'. For the most part preferably Z 
means a radical of the formula -C(0))-C 2 H 5 . 

(C, - C,) - alkyl means methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tert.-butyl, n-pentyl, or 
branched pentyl, preferably methyl, ethyl, or propyl, preferably methyl or ethyl. (C, - C<) - 
alkenyl preferably means (C, - C 3 ) - alkenyl and preferably (C 3 ) - alkenyl. 

8-chlorine-substituted compounds and, in particular, the compound 4-(8-chloro-5,6-dihydro- 
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1 l//-benzo-[5,6]-cyclohepta-[l,2-b]pyridine-ll-ylidene)-I-piperidine carboxylic acid ethvl 

are preferred compounds of formula (1).. ""xyiic acia ethyl ester, 

The production of the compound can take place in four stages in formula (I), in which Y is -CH 
-CH 2 . In a first stage a cyanide-substituted compound of formula (IV) 2 




(IV) 



ben^lJhS SUbStitUe "' S R Jl 3Ve the meani "g above, is brought to react with a 

benzaldehyde compound of formula (V) 



o=ci 



(V) 



D n re7e«b h Iv R in ha ,h; he meaninf V cited above " b V mea ™ ^ base-induced aldol condensation, 
n hnZtoun ^T eSe T ? 1° taSS1Um tert - bu[ y' ene . w *'h simultaneous saponification if the 
nitnle group to the amide, to the compound of formula (VI): JR 




(VI) 



CONH; 

^2^So'2K th ! h doubl h e bond of th r ompound of fM < VI > is h y drated - * p-"^ium 

off in ,'h c I subst.tuents, wh.ch are found on the benzoring, being hydrated or split 

off. In this way the am.de of the compound of formula (VII) is obtained ea or split 



R 




(VII). 
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In the third stage the amide of formula (VII) is hydrolyzed in a basic medium, the carboxylic acid 
of the compound of formula (VIII) being obtained. <-arooxyiic acid 




(VIII). 



SloHH k SC th f e u com P° und of formula (VIII) is converted into the corresponding acid 
chlonde by means of thionyl chloride (SOC1J, and cyclized to the tricycle of formula (IX bv 
means of a Fnedel-Krafts reaction in the presence of aluminum chloride ^° V 




In the compound of formula (IV) R = hydrogen and 3-chloro-benzaldehyde is used as a 
bTvnT n 0m,Ula thUS 8 -<»"o ro -5.6^hydro.I l//-ben Z o-[5,6]4cloLpta [, 2- 

P Le y rio?n e e tnT' " ° b,a,ned , Vr' 1S " ^ "> react with 1 -(ethox y carb4l)-4- 

p.pendone, that is a compound of formula (III), in which Z mtens ethoxycarbonyl 4-(8 chloro- 

emboSen If \ l ™ " ^ Pr ° dUCti ° n ° f this com P ou ™ ' is a P-ferred * 

emoocument of the present invention. 

Compounds of formula (II), in which Y is oxygen, sulfur, vinyl, CH r O; -O-CH,- -CH - or -S- 
CH 2 , can be produced ,„ a way known per se. The following examples explain the invem.on 
Example J- 

to 0 boii?„ ( e 15 in oT^rlTfT" i nC A™? 13 04 8 (69 mm0l) ° f titanium 'e'rachloride are heated 
sonn n f 8 UtC ,etrah y drofura ne (THF) under a protective gas atmosphere As 

soon as <he solunon ,s colored black, it is cooled to room temperature. 5 25 g ? S of 5 6 
d.hydro-1 l//-ben2o-[5.6J-cyclohcp,a-[l.2-b]pyridine-! l-one and 4.25g (25 mmol) Tl 
(ChoxycarbonyD-4-pipendone are ,o be added. The preparafon is sliced ovTn i, a room 
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temperature and then 5 hours at 40°C. The preparation is concentrated in 60 g of ethyl acetate 
dissolved m 60 g of ethyl acetate, and diluted with 1 00 g of a saturated aqueous solution of ' 
ethylene diammo-tetra acetic acid-tetra sodium salt-dihydrate. After the heat development dies 
down, the organic phase is separated, and the aqueous phase is rewashed two times with 20 g of 
ethyl acetate. The aqueous phase then is treated with 30% hydrogen peroxide solution, until the 
gray-colored low-valent titanium compounds have reacted completely to the white titanium (IV) 
dioxide, and discarded. The combined organic phases are dried over sodium sulfate, filtered and 
concentrated to dry. In this case the product is separated as a semicrystalline syrup. The latter is 
dissolved in 40g of ethyl acetate / diisopropyl ether and heated to the reflux. After the addition 
of activated charcoal and hot filtration, the product precipitates out in the form of colorless 
i^ S or S , ( nQoV gIVen 0356 afteF seedin ^' Yield: 5 > 9% ( 68 %); HPLC-purity 94%, melting point 

Example 7 

4-(8^h1oro-'>,6-dihyriro-1 1 ff-hffliTn-fS 61 -rydohmta - n 7 - h lpvridine.n. y i;HeneVl-pi P eri,«ne 
carhoxvlir. acid ethyl ester 

In accordance with Example 1, 40.0 g (160 mmcl) of 8-chloro-5,6-dihydro^l l//-benzo-[5 61- 
cyclohepta-[l,2-b]pyridine-l 1-one and 27.4 g (160 mmol) l-(ethoxy)-4-piperidone are brought to 
react with a coupling reagent consisting of 53.6 g (820 mmol) zinc and 75.9g (400 mmol) of 
titanium tetrachloride. After cooling and crystallization out of ethyl acetate / diisopropyl ether 
(in a given case after seeding), 4-(8-chloro-5,6-dihydro-l l//-benzo-[5,6]-cyclohepta-[l 2- 
b]pyridine-l 1-yhdene-l-piperidine carboxylic acid ethyl ester is obtained in a yield of 47.2 g 
(75%); HPLC purity 97%; as colorless crystals, melting point 136°C - 138°C. 

Example 3 

4-f8-flnoro-S ^-flihvflro-im-hfnyo-f^l-r vrlohonta -r i 7 - h l n vriHine-i i- y i;Hene;>-i -p ipeline 

carhoxvli r acid ethyl ester 

In accordance with Example 1, 27.35 g (1 19 mmol) of 8-fluoro-5,6-dihydro-l l//-benzo-[5,61- 
cyclohepta-[l,2-b]pyridine-l 1-one and 20.0 g (1 17 mmol) 1 -(ethoxy)-4-piperidone are brought to 
react with a coupling reagent consisting of 37.0 g (566 mmol) zinc and 50.9g (268 mmol) of 
titanium tetrachloride. After cooling and crystallization out of ethyl acetate / diisopropyl ether 
(m a given case after seeding), 4-(8-fluoro-5,6-dihydro-l l//-benzo-[5,6]-cyclohepta-[l 2- 
b]pyridine-l 1-yhdene-l-piperidine carboxylic acid ethyl ester is obtained in a yield of 38.0 g 
(67%); HPLC punty 96%; as colorless crystals, melting point 1 19°C - 121 °C. 

Example 4 

4-(8-chloroA6-riihv(1rn-l 1 f/-hen™-f5 61-rvrlnhepta.fi 7.h 1p ^Hine.i i. y i;H^yi- amy i 

31 7g of zinc-copper alloy and 24. lg (156 mmol) of titanium chloride are heated to boiling in 
175 g of absolute tetrahydrofurane (THF) under protective gas atmosphere. As soon as the 
solution is colored black, it is cooled to room temperature. 15.31g (63 mmol) 8-chloro-5 6- 
dihydro-1 l//-benzo-[5,6]-cyclohepta-[l,2-b]pyridine-l 1-one and 8.90 g (63 mmol) of 1 -acetyl- 1- 
pipendone are to be added. It is stirred for 3 hours at room temperature and then for 6 hours at 
50 C. The preparation is concentrated, dissolved in 120 g of ethyl acetate, and diluted with 250 
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C r 



g of a saturated aqueous solution of ethylene diamino-tetra acetic acid-tetra sodium salt- 
dihydrate. After the heat development dies down, the organic phase is separated and the aqueous 
phase is rewashed two times with 30 g of ethyl acetate. The aqueous phase then is treated with 
30% hydrogen peroxide solution, until the gray-colored low-valent titanium compounds have 
reacted completely to the white titanium (IV) dioxide, and discarded. The combined organic 
phases are dried over sodium sulfate, filtered, and concentrated to dry. After cooling and 
crystallization out of ethyl acetate / diisopropyl ether (in a given case after seeding), 4-(8-chloro- 
5 6-dihydro-l l//-benzo-[5,6]-cyclohepta-[l,2-b]pyridine-l l-ylidene-l)-l-acetyl-piperidine is 

?^ a £ ed , i ^ ieW ° f 16 00 8 (?2%); mLC purit y 96% = 35 colorless c ^ sta >s. melting point 
161 C - 162 C. Remark : all melting points in examples 1 to 4 are uncorrected. 



9 



EatenLClaims 

1 • A process for creatmg 1 ,4-disubstituted piperidine compounds of formula (I) 



in which 
R 




R 



R' 



or bromine, with a (C, - eZZZ £ «^>tuted with fluorine, chlorine, 

branched (C 2 - C s ) - a ken y which in f J P W " h phenyl; strai 8ht-chain or 

or bromine with a (^i'-lJJSi^" ^u^^ W,th flU ° rine " chlorine - 

case is substituted whh ftoLfSttX^^ which in « 8-en 

alkyl ester, -NH, a mono- rc r ^ T', u ^ (C ' ' C >> " - COOH - (C, - C 5 ) - 
substituted' amine; a hXoSomS c" Sht^ 7" - 3 ' ^ ' ^ 

branched (C, - C ) - alkvlene tn thl i rCCtly 0r v:a strai ght-chain or 

nhrogen j£ aSor a' ^ ^ - d — • 
nitrogen atom and/or a sulfur atom ZZr ' 2' or I V*™ ^ C ° n,ainS a 
ring system which in a given casTiH.Th J,\ V 3 u n f°8 en ato ^ and a 5- or 6-member 
C 3 ) - alky,, -COOH, <C?^)^iXt^ W * br0mine ' < C - " 

amine and/or a di-(C, - C ) - alkv Ih, t , 2 • 3 m ° n °- (C| " C > } " alk y' substituted 
same ring form JaromSc o^fSS^ * SUbStitU6ntS b ° nded '° the 

w.th fluorine, chlorine, ^>Jiit^^^^y c ^riT^^ 
a mono- (C, - Cj ) - alkyl substituted ininc and/or a Si ^ r? ' SY „ M ^ 
means -(CH 2 ) - in which n = 0 1 7 „i e ana/or a di-(C, - C 5 ) - alkyl substituted amine; 
or -S-CH 2 ; 0. 1. 2, or 3; oxygen, sulfur; vinyl; CH 2 -0; -0-CH 2 ; -CH 2 -, 

S2SSS y o^" e 3n0ther ^ hydr ° 8en ' - C( ° )R ' - C ^ OR ' ; -0)S(0)R>; or one of 

."Ssrrj or r ched (c ' - c >> - - 

ether group, and/or with phenyl s"S C r h ' 0nne \ 0r bro ™ me > W ' ,h 3 (C ' " C >> " aIk V' 
a given case is substituted" ^ a^tSZ? ^ (C > " C >> " aike "y'- in 
ether group, and/or phenyl; phenyl whic^ n7 • ^ ^ 8 (C ' " C > } " a,k >" 

chlorine, bromine, (C, - C )' a Jy. COOH (C^TV? T^'^ Wth flU ° rine - 
C 5 ) - alky! substituted amine and/or a dSc S " ^ i ^'.^ "NH.. a mono- (C, - 
aromanc, which is bonded directly or v a «™ifh " ^'T' ^''^ 3 heter0 " 
to the pyridine and/or the phenyl nn, and X - " " ^ ( °' " C *> " a ' ky ' Cne 
and/or I, 2, or 3 nitrogen LJ£d co "^TT * UOm ^ 3 SU,fur a,onl 

Md C ° ma,ns a ""rogen atom and/or a sulfur atom and/or 
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1 , 2, or 3 nitrogen atoms and a 5- or 6-member ring system which in a given case is 
subsmuted with fluorine, chlorine, bromine, (C. - C<) - alkyi -COOH (C C f . 
ester, -NH 2 , a mono- (C, - C 5 ) - alkyl substituted amine andVr a di-(C ,'- C ')"- alkvl 

^^Zr"^ " branChCd (C " " ^ - by 

^^XJZ&F" Md isocyc,,c system ' whlch preferab * is 

wherein a compound of formula (II) 



R 




(ID 



in which the substituents R and Y have the meanings cited above, with 



a compound of formula 



(Ml) 



ITZ Z ,u ' ° r ° f h ' gher P ol >' c yc»c aromatics, and the solvent is chosen for the 

CtherS ° r gr ° UP ° f ""^en-contammg unsaturated hetero^omaUcs ol the 

m JJfhT" 8 in n accordance with Pa <em Claim 1, wherein R independently of one anther 
means hydrogen, nuonne, chlorine, bromine, methyl, or trifluoromethyi. 

~i^SS£5££r c,aim '• wherein R independcnt " 

4. The process in accordance with one of the Pupm r-i*;^ i „ -> u - . 

umc o( me Katent Claims 1 or 2, wherein the compound of 



formula (1) has two substituents R, which are different from hydrogen, one substituent R beine 
on the pyridine ring and one substituent R on the benzoring. 

5. The process in accordance with Patent Claim 4, wherein the substituent R is fixed on the 
benzonng in 8-position. 

6. The process in accordance with one of the Patent Claims 1 to 3, wherein the compound of 
formula (1) only has a single substituent R, which is different from hydrogen, this substituent R 
being fixed m R-position. 

7. The process in accordance with one of the Patent Claims 1 to 6, wherein 
Y means -CH 2 -CH 2 ; 

R^ means (C, - C 5 )-alkyl , preferably ethyl; . 

R 2 means (C, - C 5 ) - alkyl, benzyl, vinyl, or dimethyl amino, preferably methyl; 
Z means -C(0)R'; -C(0)OR', preferably -C(0)OR', and preferably -C(0))-QH 5 . 

8. The process in accordance with one of the Patent Claims 1 to 7, wherein a halogen compound 
is used as the metal compound. 

9. The process in accordance with Patent Claim 8, wherein a chloride of titanium, zirconium, 
vanadium, molybdenum, tungsten, and/or uranium is used as metal compound. 

10. The process in accordance with Patent Claim 8, wherein titanium chloride is used as a metal 
compound and a low-valent stage of this compound is created in situ by means of a reducing 

1 1. The process in accordance with one of the Patent Claims 1 to 9, wherein zinc, lithium 
sodium, potassium, magnesium, or calcium or alloys containing zinc, lithium, sodium ' 
potassium magnesium, and/or calcium, calcium hydride, sodium borhydride, or lithium 
aluminum hydride is used as reducing agent. 

12 The process in accordance with one of the patent Claims 1 to 9, wherein an alloy of an alkali 
metal, a metal of the Ilnd main group, or the Ilnd subgroup of the periodic table with zinc, a zinc- 
copper alloy, or a potassium-graphite inclusion compound is the reducing agent. 

13. The process in accordance with one of the patent Claims 1 to 12, wherein 1,4-dioxane, 1 2- 
d.methoxyethane, tetrahydrofurane, diethylene glycol dimethyl ether, tert.-butyl-methyl ether 
pyridine, or trethyl amine is used as solvent. 

)t nL h rnTrH SS J n H aCC ,°, r l a u Ce Wi *°" e ° f ,hC Patent Claims 1 10 13 ' where i" *e compound 4- 
(8-nuoro-5,6-d,hydr 0 - 1 1 //-benzo-[5,6]-cvclohepta-[ 1 ,2-b]pyridine- 1 1 -ylidene)- 1 -pipeline 
carboxyhc acid ethyl ester is produced. v 

15. The compounds produced in accordance with one of the Patent Claims 1 to 14 
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